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INTRODUCTION

SISIFO-GAS is the result of a joint effort of IBERINCO/TECNATOM companies to develop a support tool for the severe accident management and training with Cofrentes NPP as the pilot plant.

SISIFO-GAS is composed of a series of computerised modules interconnected among them, through an SCADA (Supervisory Control and Data Acquisition), that controls the exchange of information in real time and uses the MAAP4 code as severe accident simulator.

The Training Mode permit to generate a MAAP sequence and to run it, through a guided process, that allows the user not to have a deep knowledge about the MAAP4 code. It also can shows, as a film, the evolution of a sequence stored into the database, selecting the time of film run. The sequence evolution is showed through a graphical display with interactive capacities to modify the system status. New sequences can be stored into the database.

In the Management Mode, it collects information from the On-line Plant Data Computerised System and from the MAAP4 code. The information of both systems is processed and compared through the Diagnosis and Fitting Modules (decision modules), obtaining an automatic adjustment of the simulator to the real evolution. The real and simulated sequence evolution parameters are showed through plots. The database with MAAP sequences could be used like a prognosis when an initiator event is identified through the Diagnosis Module, so, it is able to estimate/forecast the retention barriers that could fail and the source term that could be released.

The Diagnosis Module determines the Plant Status, identifying the initiator event and the systems and the retention barriers status. It is based on logic trees containing the EOP and SAG knowledge and the PSA analysis experience (CET and DET logic rules). It treats the parameters with a fuzzy logic program, that allows to work with vaguely defined expressions assigning a degree of certainty to its conclusions.

The Fitting Module, developed with a fuzzy logic program, controls and adjusts the simulation code through the evaluation of the systems status and the source term category obtained with the STC logic tree. This is considered an adequate level of coincidence for a correct off-site emergency treatment.    

Although the system is configured and adjusted to the Cofrentes NPP, BWR-6 GE design with Mark-III containment,  SISIFO-GAS is an open system that can be easily adapted to other NPP types as a support tool for the severe accident management and training.

DESCRIPTION
Background
The first development was done into the HALDEN-CAMS Project with the title “Development of an extension of the CAMS (Computerised Accident Management Support) system to severe accidents management”. 

CAMS is a tool developed to give support in plant state identification, accident evolution and selection of mitigation strategies. It is comprised of three main modules: tracking simulator, predictive simulator (both with APROS tool) and state identification modules.

The tracking simulator module gives an estimation of the values that are not directly measured, calculates the initial values that are needed for the predictive simulator, and gives support in the validation of the signals by calculating values of certain parameters. The predictive simulator module predicts the evolution of the state of the plant, being faster than the real process. Finally, the plant state identification module gives information about the state of the plant, the state of the system (their availability) and the state of the critical function (heat sink, core cooling, reactivity control and containment integrity).

The Spanish HALDEN consortium proposed the adaptation of that structure, when the sequence progress to severe accident conditions, changing the tracking simulator and the state identification by two new modules, the diagnosis module and the fitting module, and using the MAAP4 code as simulator code. The new modules was developed for a generic BWR and PWR.

When the HALDEN-CAMS project was finished, Iberinco and Tecnatom, that were members of the Spanish HALDEN Consortium though about the possibility to complete the diagnosis and fitting modules (decision modules) with others capacities, developing a completed product that could be used during the severe accident training and management. This product was offered to Cofrentes NPP that approved to support the development with their own plant data.

Cofrentes NPP is a BWR/6 GE design with MARK-III containment of 3250MWt, and the final product installed, named SISIFO-GAS (Computerised System To Support Severe Accident Training And Management), includes: a portable tool that controls the exchange of information between the modules in real time including graphical displays of systems and compartments with interactive capacities (man-machine interface), the improve and adaptation of the decision modules, the connection of the Plant data system with the decision modules, the development of a process to generate/modify and to run a sequence with the simulator (MAAP4 code) automatically, to develop a database to be used during the training mode and also as a preliminar prognosis into the management mode.

Technical description
The tool is distributed in two computers (PC), one with Windows95 as operative system has installed the MAAP4 simulator code and the database and the other, with WindowsNT as operative system, has installed the man-machine interface, the decision modules and other minor interface programmes. Nowadays, this functional structure would be integrated in one single PC with WindowsXP as operative system, that would permit a better management and use of the tool.

The most relevant modules are (Figure 1):

MAAP4 Code (EPRI) is an integrated package for severe accidents analysis, internationally contrasted and of wide use, based on models that simulate the phenomenology present in such accidents, as core heating, clad oxidation and hydrogen generation, core fall down, vessel fail, molten core-concrete interaction, fission products release, transportation and deposition, etc. The code contemplates the main equipment and systems of accident mitigation, incorporating the capacity to simulate the operator actions through previous scheme or in an interactive way during the simulation.

Another important characteristic of MAAP4 is its calculation speed, which permits to put into effect simulations of the scene’s evolution, anticipating to the real evolution of the accident.

The Database compiles and allows to run all the generated and additional information required, through analysed plant accident sequences with the MAAP code for different objectives (PSA, license support calculations, etc.). Furthermore, it allows the storage, in an automatic way, of every new analysis made, under the user’s supervision.

This database relates PSA sequences with inputs through the systems’ unavailability. It also permits seeing what sequences have reached certain plant states which will be previously defined (degraded core, failed vessel, bypassed suppression pool, failed contention, etc.), and in which time.

The Diagnosis Module is the responsible for the identification of the plant status and condition in a certain moment of the accident. This module provides the necessary information for the beginning and development of predictive simulation, including the starter event of the accident, the integrity status of the plant and the behaviour of the plant systems during the sequence.

The Fitting Module is the connection between the Diagnosis Module and MAAP code. This Module makes the comparison between the results from the theoretic simulated scene with MAAP code and real evolution of the sequence, analysing their differences. Under the found differences, the user can initiate once again the simulation with MAAP to adjust it to real evolution, repeating the process each time the Diagnosis Module gives a new result.

The Fitting Module determines, from plant data and Diagnosis Module results, the source term category to which the sequence leads us. Comparisons are based on those status of plant, initiating event and safety barriers of the fission products that, if different, should lead to different categories of source term. In the case MAAP code at the moment is not able to proportionate the final category of the emitted source term, searching in DATAMAAP database will be used to proceed with the comparisons.

Diagnosis Module and Fitting Module are based in decision trees and the chosen mechanism for the development of the system is Fuzzy Logic. Such Logic allows working with vaguely defined expressions, assigning a degree of certainty to its conclusions. Furthermore, it presents a gradual and continuous response against changes in the variables, and it is not influenced by it’s potential late noise. These characteristics make the fuzzy logic an adequate mechanism to implement the system.

For the development of these modules, the Emergency Operation Procedures (EOP), the Severe Accident Guides (SAG) and Probabilistic Safety Analysis (PSA) Levels 1 and 2 of Cofrentes NPP, have been taken into account (Figure 2).

The SCADA feeds itself with both the process data received automatically from C.N. Cofrentes through the ERIS-Computer Integrated System (SIEC) and with manual readings of the status of components or variables of the process, not available in an automatic way in the plant, which will be put in by the user, through the system’s interactive graphic interface.

SISIFO-GAS system disposes of a graphic interface composed of some interactive screens for the interchange of information among the different system modules and the user.

Characteristics

SISIFO-GAS has two operational modes, the Management way and Education and Training way. The first one, starting from the data of the plant, supports the personnel responsible for the Management of Severe Accident, and the second one is used for training people who must confront this kind of situations (Figure 3).
The management mode permits to control the information of Plant data and its processing, in real time. Up to 133 parameters, took out of the Cofrentes NPP processing computer (SIEC), are listed on the 9 screens available, which data are refreshed with a frequency of seconds. The screens have options for modify the SIEC values by others of reference, or even to be manually modified.  

The screens show the evolution of the SIEC parameters with graphics, also. Up to 4 variables, from the SIEC or the simulator, MAAP4, can be visualised simultaneously and in real time (Figure 6). The tool has additional display options that permit a detailed level of analysis.

The control of all the internal processes activated during the operation in the management mode is centralised on a single screen called Modules Control. The time interval for actualising the Plant data and the comparison with the simulator results is configurable through the screen.

The appearance of an initiator event on screen supposes the previous progression through the logic trees of some specific combination from SIEC values. With the initiator detection the simulator is activated, which input file is automatically generated with the information coming from the SIEC and processed through the diagnosis module.

During the accident progression the simulation is submitted to a continuous process of verification through the fitting module, with the objective to adapt its evolution to the reality. The comparisons and the executions are automatically done and all of them are controlled through the modules control (Figure 4).

The diagnosis module has the information of all the sequence parameters used for the tool: the initiator event, the systems and barriers of retention status and the source term category assigned (Figure 5).

Two are the predictive capacities available in the tool, one of them is intrinsic to the simulator, the other is due to the use of the database to select a sequence with identical initiator event.

There are several working options available in the SISIFO-GAS for the training mode. The easier, or the lower interactive, consist of the visualisation as a film of a sequence previously executed and stored into the database. 

After choosing the time of film run, the user has 5 graphical displays (mimics) with actualised information of the sequence. These mimics show the vessel, the cavity, the suppression pool, the containment and the systems. They are updated, in a continuous manner, with the most recent values available of significant variables like pressure, temperature, level, flow,… (Figures 7 to 11). The mimics permit to visualise processes like changes of level in vessel and suppression pool, the core degradation in vessel and its relocation and the vessel and containment structural failure. On the systems modelled is distinguished the active from non active with a change of colour. The significant information available on the 5 mimics permits an adequate level of vigilance of the sequence for the training mode.

The training option more complete consist of create and run a new sequence visualising its progress during the execution.

The process for obtaining an input file is carried out by steps through screens were the options available are showed like menu bars and comprise from the initiator event to the systems status at different significant stages of the sequence. The use of this option do not require an specific about the use and manage of the simulator, although it is possible to edit the input file and modify it, working to an expertise level with the parameters.

Once the input file is generated, it may be visualised through the 5 mimics available and mentioned before (Figures 7 to 11), although in this case and, only for the mimic of systems, it can interact in real time like, for example, to start-up or to stop RHR pumps, to start-up igniters,… is enough with push on the system modelled (Figure 8).

The database is the ideal tool to work in deep with the severe accident sequences. Designed like a tool with own body, it shows all its capacities from a window with menu bars. Once the sequence to be analysed is selected, the information is showed grouped by blocks like: general description and its equivalence with a PSA sequence, or the barriers of retention status and the time of fail, or the system status and their feature summary during the sequence. In all of them is included an information button that provide a better knowledge about the working Plant.

The tool has additional options to optimise the use of the database like the consult to select sequences with specific characteristics or the search of critical parameters of  Plant, the units conversion or the plots of variable simulator (Figure 12).

SISIFO-GAS is designed to be a tool of extended use for the staff assigned to the severe accident management, making up the training and management options for a higher optimisation of the knowledge and a better efficiency of the accidental management in the NPP. 

CONCLUSIONS
NPP  have to be prepared to face the management of severe accidents, through the development of SAG and sophisticated systems of calculation, as a support to the decision-making.

SISIFO-GAS is configured and adjusted to work in a BWR/6 technology plant with Mark-III containment, as it is Cofrentes NPP. But it is easily portable to every other kind of reactor, having the Level 2 PSA for establish the source term categories and all the sequences progression.

SISIFO-GAS is a flexible computerised tool to support accident management and training in the severe accidents. The graphic interface allows to follow the evolution of the most relevant events during the accident in a very intuitive way. It is an interactive system of visual and easy handle, that does not needs any specific knowledge in the MAAP code to run any type of severe accident sequences.  
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